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This  i n v e n t i o n   r e l a t e s   to  the  d e c a f f e i n a t i o n   of  green  cof fee   b e a n s  

by  means  of  a c t i v e   c a r b o n .  

P r o c e s s e s   h i t h e r t o   used  on  a  commercial   s ca l e   for  the  d e c a f f e i n a t i o n  

of  green  c o f f e e   beans  have  employed  c h l o r i n a t e d   h y d r o c a r b o n s .   In  one  o f  

the  methods  used,   the  green  co f f ee   beans  are  m o i s t e n e d ,   i . e . ,   s a t u r a t e d  

with  water   by  a  steam  t r e a t m e n t ,   w h e r e a f t e r   the  m o i s t e n e d   beans  a r e  

e x t r a c t e d   with  the  o rgan i c   s o l v e n t s   r e f e r r e d   t o . K l a p p r o t h   ( B r i t i s h   p a t e n t  

314,059)   s u g g e s t e d   f i r s t   making  an  aqueous  e x t r a c t   of  the  green  beans,   and 

t r e a t i n g   t h i s   aqueous  e x t r a c t ,   r a t h e r   than  the  b e a n s  t h e m s e l v e s ,   w i t h  

c h l o r i n a t e d   h y d r o c a r b o n s .  

The  e x t r a c t   c o n t a i n s ,   in  a d d i t i o n   to  c a f f e i n e ,   the  d i r e c t l y  

s o l u b l e   s o l i d s ,   i . e . ,   the  components  which  are  s o l u b l e   in  water   w i t h o u t  

h y d r o l y s i s   of  the  beans.   The  r a t i o   of  the  c a f f e i n e   c o n t e n t   of  the  e x t r a c t  

a f t e r   comple te   e x t r a c t i o n   to  the  c o n t e n t   of  d i s s o l v e d   n o n - c a f f e i n e   s o l i d s  

is  then  the  same  as  in  the  dry  beans .   To  give  an  i dea :   the  c a f f e i n e   c o n t e n t  

v a r i e s   in  d i f f e r e n t   c o f f e e s   from  a p p r o x i m a t e l y   0.89  t o . a p p r o x i m a t e l y   3.0%, 

and  the  c o n t e n t   of  s o l u b l e   s o l i d s   from  a p p r o x i m a t e l y   20  to  a p p r o x i m a t e l y  

30%.  Accord ing   to  K lapp ro th ,   the  r e s u l t i n g   aqueous  e x t r a c t   is  t r e a t e d  

with  a  w a t e r - i m m i s c i b l e   o rgan ic   s o l v e n t   having  a  s e l e c t i v e   a b s o r p t i o n  

c a p a c i t y   for   c a f f e i n e .   The  d e c a f f e i n a t e d   e x t r a c t   is  r e c y c l e d , a n d   t h e  

e x t r a c t i o n - a b s o r p t i o n   cycle  i s   r e p e a t e d   u n t i l   the  beans  are  s u f f i c i e n t l y  

d e c a f f e i n a t e d .  

The  beans  are  then  d i s c h a r g e d ,   and  the  e x t r a c t   is  r e p l e n i s h e d   w i t h  

an  amount  of  water   c o r r e s p o n d i n g   to  the  amount  of  water   ab so rbed   by  t h e  

beans  d i s c h a r g e d .   The  r e s u l t i n g   s o l u t i o n   is  used  for  s u b j e c t i n g   a  s e c o n d  

p o r t i o n   of  beans  to  an  e x t r a c t i o n - a b s o r p t i o n   cyc l e .   This  is  r e p e a t e d   f o r  

a  t h i r d   p o r t i o n   of  beans,   e t c .  

In  U.S.  p a t e n t   2 ,309,902  (General   Foods) ,   the  above  p r i n c i p l e   o f  

e x t r a c t i o n - s e l e c t i v e   e x t r a c t i o n   with  r e c y c l i n g   is  e l a b o r a t e d   to  a  c o n t i n u o u s  

or  s e m i - c o n t i n u o u s   p rocess   in  which  e x t r a c t i o n   is  c a r r i e d   out  u n d e r  

c o u n t e r - c u r r e n t   c o n d i t i o n s .  

That ,   in  p r a c t i c e ,   c h l o r i n a t e d   hyd roca rbons   are  used  in  a l l   c a s e s ,  

has  to  do  with  the  f ac t   t h a t   these   l i q u i d s   are  l i t t l e   s o l u b l e   in  w a t e r  



and  e x h i b i t   a  high  a b s o r p t i o n   s e l e c t i v i t y   r e l a t i v e   to  the  system  o f  

c a f f e i n e - n o n - c a f f e i n e   components .   For  h e a l t h   c o n s i d e r a t i o n s ,   however ,  

t h e s e   s u b s t a n c e s   are  not  c o n s i d e r e d   ha rmle s s .   At  any  r a t e ,   m i n u t e  

r e s i d u e s  o f   t h e s e   s o l v e n t s   for  c a f f e i n e   must  be  c a r e f u l l y  r e m o v e d   f rom 

the  d e c a f f e i n a t e d   beans .   This  is  e f f e c t e d   by  p r o l o n g e d   s t eaming ,   which  i s  

not   f a v o u r a b l e   to  the  o r g a n o l e p t i c   q u a l i t y   of  the  roasted  beans  p r o d u c e d  

from  t h e s e   b e a n s .  

For  t h i s   r e a s o n ,   a  g r e a t   deal   of  r e s e a r c h   work  has  been  done  t o  

f i n d   a l t e r n a t i v e   methods  which  are  f u l l y   a c c e p t a b l e   from  h y g i e n i c   a n d  

o r g a n o l e p t i c   p o i n t s   of  view.  Thus  expe r imen t s   have  been  run  with  a c t i v e  

ca rbon .   In  t h i s   c o n n e c t i o n   i t   has  been  p roposed   to  e x t r a c t   the  beans  w i t h  

wa te r ,   and  then  to  remove  the  c a f f e i n e   from  the  e x t r a c t   with  a c t i v e  

ca rbon .   I t   is  d i f f i c u l t ,   in  t hese   a c t i v e - c a r b o n   p r o c e s s e s ,  

to  p r e v e n t   a  loss   of  s o l i d s .   Such  loss   is  l i t t l e   a c c e p t a b l e -   as  being  u n -  

f a v o u r a b l e   both   from  a  commercia l   p o i n t   of  view  and  from  an  o r g a n o l e p t i c  

p o i n t   of  view.  One  r e a s o n   is  t h a t   a c t i v e   carbon  is  c o n s i d e r a b l y   l e s s  

s e l e c t i v e   in  a d s o r b i n g   caffeine  from  an  aqueous  s o l u t i o n   of  c a f f e i n e   a n d  

s o l u b l e   non-caf fe ine   s o l i d s   than  are  c h l o r i n a t e d   h y d r o c a r b o n s . F o r   t h i s  

r ea son   a t t e m p t s   have  been  made  to  apply  c e r t a i n   e x p e d i e n t s   to  e n h a n c e  

the  s e l e c t i v i t y   of  the  a c t i v e   carbon.   Thus,  for   example,   a c c o r d i n g   t o  

European  p a t e n t   a p p l i c a t i o n   8,398  (Coffex) ,   the  a c t i v e   carbon  is  p r e v i o u s l y  

t r e a t e d   with  s u g a r .  

One  d i s a d v a n t a g e   of  t h i s   is  t h a t   f o r e i g n   c o n s t i t u e n t s   are  i n t r o d u c e d  

into the  sys tem,   which  may  be  o b j e c t i o n a b l e   under  merchand i se   l e g i s l a t i o n .  

Accord ing   to  European  p a t e n t   a p p l i c a t i o n   42294  (General   F o o d s ) ,  

the  a c t i v e   carbon  is  s u b j e c t e d   to  such  a  p r e - t r e a t m e n t   t h a t   the  a c t i v e  

carbon  p a r t i c l e s   are  cove red   w i t h  a   t h in   l a y e r   of  a  w a t e r - i m m i s c i b l e   l i q u i d  

having  a  s e l e c t i v e   a d s o r p t i o n   c a p a c i t y   for  caffeine.   The  degrees   to  which  t h e  

a c t i v e   carbon  thus  t r e a t e d   can  be  loaded,   howeve r ,  . a r e   very  low.  

I t   is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  p roces s   w i t h  

which  the  d e s i r e d   r e s u l t   can  be  ach ieved   w i thou t   r e c o u r s e   to  a r t i f i c e  

which  c o m p l i c a t e s   the  p r o c e s s   and /or   makes  i t   more  d i f f i c u l t   to  c o n t r o l ,  

or  may  give  r i s e   to  d i f f i c u l t i e s   under  merchand i se   l e g i s l a t i o n .   I t   is  a  

f u r t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p rov ide   such  a  p r o c e s s   t h a t  

p e r m i t s   be ing   c o n v e r t e d   in  a  con t inuous   p r o c e s s   t h a t   is  e a s i l y   c o n t r o l l a b l e .  

In  t h i s   c o n n e c t i o n   we  have  gained  a  number  of  new  and  s u r p r i s i n g   i n s i g h t s ,  



which  each  in  t hemse lves   leads  to  p r o c e s s u a l   improvement ,   and  j o i n t l y   t o  

an  o p t i m i z a t i o n   t h a t   p e rmi t s   of  ready  a d a p t a t i o n   of  c i r c u m s t a n c e s   in  e a c h  

s p e c i f i c   case  (cost   p r i c e   of  beans,   cos t   p r i c e   of  a c t i v e   carbon ,   c o n t e n t  

of  c a f f e i n e   and  n o n - c a f f e i n e   so lub l e   s o l i d s   in  the  beans ,   c a p i t a l  

i n v e s t m e n t   in  equipment ,   e t c . ) .   These  i n s i g h t s   w i l l   be  s e p a r a t e l y  

d i s c u s s e d   h e r e i n a f t e r ,   w h e r e a f t e r   the  p r o c e s s   t h a t   can  be  based  on  t h e s e  

i n s i g h t s   w i l l   be  d e s c r i b e d   in  more  d e t a i l .  

In  the  f i r s t   p l a c e ,   we  have  found  t h a t ,   whereas  the  p r i o r   a r t  

c o n t i n u a l l y   r e f e r s   to  " a c t i v e   carbon"  w i thou t   any  f u r t h e r   s p e c i f i c a t i o n ,  

g r e a t   improvements   in  the  p r a c t i c e   of  the  p roce s s   can  be  ach ieved   by  a  

c a r e f u l   s e l e c t i o n   from  the  v a r i o u s   commerc ia l ly   a v a i l a b l e   c a r b o n s ,  

app ly ing   c e r t a i n   c r i t e r i a   for  the  v a r i o u s   c h a r a c t e r i s t i c s .  

A  second  new  i n s i g h t   concerns   the  f a c t   t h a t ,   at  l e a s t  i n   some  a c t i v e  

ca rbons ,   s e l e c t i v i t y   i n c r e a s e s   with  the  c o n c e n t r a t i o n   of  the  e x t r a c t   f r o m  

the  green  beans .   That  t h i s  i s   s u r p r i s i n g   appears   from  the  f o l l o w i n g .  

Per  un i t   of  a c t i v e   carbon,   a  s p e c i f i c   number  of  " a c t i v e   p l a c e s "   is  p r e s e n t .  

For  example,  if   we  have  a  r e l a t i v e l y   low  c o n c e n t r a t i o n ,   in  which  16  g  o f  

c a f f e i n e   and  220  g  of  n o n - c a f f e i n e . s o l u b l e s a r e   p r e s e n t   per  l i t e r  

of  e x t r a c t ,   the  "excess"  of  m o l e c u l e s  o f   n o n - c a f f e i n e   s o l i d s   which  compete  

for  the  a c t i v e   p l aces   of  the  a c t i v e   carbon  r e l a t i v e   to  the  c a f f e i n e  

molecu les   is  204  g/1.  I f ,   on  the  o the r   hand,  we  have  an  e x t r a c t   t h a t   i s  

twice   as  c o n c e n t r a t e d   and  c o n t a i n s ,   for  example,   32  g/1  c a f f e i n e   a n d  

440  g/1  of  n o n - c a f f e i n e   s o l i d s ,   the  same  excess   is  408  g / l ,   i . e .   twice  a s  

h igh.   The  obvious   e x p e c t a t i o n   t h a t   the  s e l e c t i v i t y   would  become  worse  i n s t e a d  

of  remain ing   equal   or  becoming  b e t t e r ,   is  e x p r e s s e d ,   for  example,   i n  

European  p a t e n t   a p p l i c a t i o n   4712  ( N e s t l é ) ,   which  s t a t e s   a  p r e f e r e n c e   f o r  

d i l u t e   s o l u t i o n s   (see  claim  7  and  the  e x a m p l e s ) .  

Of  advantage  for  a  complete  u t i l i z a t i o n   of  the  above  d i s c o v e r y   o f  

the  a p p l i c a n t s   is  the  a d d i t i o n a l   d i s c o v e r y   t h a t ,   at  the  c o n v e n t i o n a l  

e x t r a c t i o n   t e m p e r a t u r e s ,   the  c o n c e n t r a t i o n   of  the  e x t r a c t   can  be  i n c r e a s e d  

t o  a   very  high  ex ten t   wi thout   the  v i s c o s i t y   i n c r e a s i n g   to  a  value  l e a d i n g  

to  p r a c t i c a l   d i f f i c u l t i e s   in  the  e x t r a c t i o n .   Thus  the  v i s c o s i t y   of  a 

60%  e x t r a c t   s o l u t i o n   of  green  beans  at  80°C  is  only  4.3  c e n t i p o i s e s .   T h i s  

means  t h a t   we  have  to  do  with  a  t h i n - l i q u i d   medium,  which  is  a lso   a c c e p t a b l e  

in  the  case  of  d r o p l e t   e x t r a c t i o n   ( " t r i c k l e   f l o w " ) .  



A  f o u r t h   new  i n s i g h t   of  the  a p p l i c a n t s   is  t h a t   in  t h e  

c o m m e r c i a l l y   a v a i l a b l e   c a r b o n s ,   t h e r e   are  l a rge   d i f f e r e n c e s   as  r e g a r d s  

the  r a t i o   between  s e l e c t i v i t y   for   c a f f e i n e   and  t o t a l   a d s o r p t i o n  

c a p a c i t y   for   c a f f e i n e ,   i . e . ,   t h e r e   are  carbons   which  have  a  high  a d s o r p t i o n  

c a p a c i t y   r e l a t i v e   to  a  pure  c a f f e i n e   s o l u t i o n ,   but  a  low  s e l e c t i v i t y   i n  

the  system  of  w a t e r  -   c a f f e i n e  -   n o n - c a f f e i n e   e x t r a c t   s o l i d s .   The  same 

is  t r ue   the  o the r   way  r o u n d .  

I t   is  c l e a r   t h a t ,   p r e f e r a b l y ,   a  carbon  s h o u l d  b e   s e l e c t e d   with  a  

p o s i t i v e   c o r r e l a t i o n   between  t h i s   a d s o r p t i o n   c a p a c i t y   a n d  t h i s   s e l e c t i v i t y ,  

i . e . ,   as  h igh  a  s e l e c t i v i t y   as  p o s s i b l e   and  a t   the  same. t ime  as  high  an 

a d s o r p t i o n   c a p a c i t y   as  p o s s i b l e .   This  c a n  i n  p a r t   be  e f f e c t e d   e m p e r i c a l l y  

for  which,   as  we  have  found,   a  s e a r c h   can  be  made  among  carbons  c h a r a c t e r i z e d  

by  the  f o l l o w i n g   s t a n d a r d   p r o p e r t i e s .  -  

To ta l   a c t i v e   a rea :   1000 -   1200m2/g  a c c o r d i n g   to  the  N2  BET  method 

(BET  method  =  Brunauer ,   Emmet  and  T e l l e r ;   J o u r n a l   Am.Chem.Soc. 

60-309,   1938) .  

Iod ine   a d s o r p t i o n :   h i g h e r   than  1000  mg/gram 

Methylene  blue  a d s o r p t i o n :   l e s s   than  300  mg/gram 

On  the  ground  of  the  a b o v e - d e s c r i b e d   i n s i g h t s ,   the  p r e s e n t   i n v e n t i o n  

p r o v i d e s   a  p r o c e s s   for  d e c a f f e i n a t i n g   green  co f f ee   beans  by  e x t r a c t i o n  

with  wa te r ,   and  t r e a t m e n t   of  the  aqueous  e x t r a c t   with  a c t i v e   c a r b o n ,  

c h a r a c t e r i z e d   in  t ha t   the  a c t i v e   carbon  has  a  s p e c i f i c  a d s o r p t i o n   c a p a c i t y  

for  caffeine  of  at  l e a s t   100  g/kg  ca rbon ,   a  s p e c i f i c   s e l e c t i v i t y   of  a t  

l e a s t   0.200  and  a  p o s i t i v e   c o r r e l a t i o n   between,   on  the  one  hand,  t h e  

c o n c e n t r a t i o n   of  the  bean  e x t r a c t ,   and  on  the  o the r   hand,  the  load  r a t i o  

of  c a f f e i n e / n o n - c a f f e i n e   e x t r a c t   s o l i d s   in  the  a d s o r b e n t   when  in  e q u i l i b r i u m  

with   t h a t   bean  e x t r a c t .  

P r e f e r a b l y ,   use  is  made  of  an  a c t i v e   carbon  having  a  s p e c i f i c  

a d s o r p t i o n   c a p a c i t y   for  c a f f e i n e   h i g h e r   than  300  g/kg  carbon  and  a  s p e c i f i c  

s e l e c t i v i t y   h ighe r   than  0.4.   P a r t i c u l a r l y   good  r e s u l t s   are  ob t a ined   with  a  

s p e c i f i c   a d s o r p t i o n   c a p a c i t y   h ighe r   than  450  g/kg  carbon  and  a  s p e c i f i c  

s e l e c t i v i t y   h i g h e r   than  0 . 6 .  

The  choice   of  a c t i v e   carbon  can  be  a p p l i e d  t o   o t h e r w i s e   known  p r o c e s s e s ,  
such  as  those   d e s c r i b e d   in  the  above  l i t e r a t u r e .   More  s p e c i f i c a l l y ,   h o w e v e r ,  

i t   can  be  a p p l i e d   to  a  novel   p r o c e s s   we  have  deve loped ,   in  which  c o u n t e r -  

c u r r e n t   e x t r a c t i o n  o f   the  beans  is  combined  with  c o u n t e r - c u r r e n t   s e l e c t i v e  

a d s o r p t i o n   of  c a f f e i n e   from  the  r e s u l t i n g   aqueous  e x t r a c t   by  a c t i v e   c a r b o n ,  



and  r e c y c l i n g   the  e x t r a c t   thus  produced  to  the  c o u n t e r - c u r r e n t   e x t r a c t i o n  

s t a g e .  

P r e f e r a b l y ,   under  c o n d i t i o n s   of  p r o c e s s   e q u i l i b r i u m ,   t h i s   p r o c e s s  
is  c h a r a c t e r i z e d   by  the  f o l l o w i n g   c o - a c t i n g   p r o c e s s   s t a g e s :  

a)  supply ing   the  green  cof fee   beans  with  a  water   c o n t e n t   less   t h a n  

t h a t   of  the  t o t a l   water  a d s o r p t i o n   c a p a c i t y   at  the  p r e v a i l i n g  

e x t r a c t i o n - t e m p e r a t u r e ,   and  s u b j e c t i n g   them  at  a  t e m p e r a t u r e  

of  60-120°C,  and  under  c o u n t e r - c u r r e n t   c o n d i t i o n s ,   t o  

mo i s t en ing   and  e x t r a c t i o n   with  the  aqueous  e x t r a c t   p r o d u c e d  

sub  c,  in  such  a  manner  t h a t   the  c o n c e n t r a t i o n   of  t h e  

f i n a l   e x t r a c t   is  h igher   than  the  bean  e q u i l i b r i u m   c o n c e n t r a t i o n ,  

and  the  c a f f e i n e   con t en t   is  reduced   to  a  p r e - d e t e r m i n e d  

p e r c e n t a g e   p,  c a l c u l a t e d   on the  b a s i s   of  the  a i r - d r y   b e a n s , w i t h  

the  beans  be ing   d i s c h a r g e d   in  maximal ly   swol len   c o n d i t i o n ;  

b)  t r e a t i n g  t h e   f i n a l   e x t r a c t   produced  sub  a  u n d e r  c o u n t e r - c u r r e n t  

c o n d i t i o n s   with  a c t i v e   carbon  having  a  s p e c i f i c   a d s o r p t i o n  

c a p a c i t y   of  at   l e a s t   100  g/kg,  a  s p e c i f i c   s e l e c t i v i t y   of  at  l e a s t  

0 .200,   and  a  p o s i t i v e   c o r r e l a t i o n   be tween,   on  the  one  h a n d ,  

the  c o n c e n t r a t i o n   of  the  bean  e x t r a c t ,   and  on  the  o ther   h a n d ,  

the  r a t i o   of  l oad ing   of  c a f f e i n e / n o n - c a f f e i n e   e x t r a c t   s o l i d s  

in  the  a d s o r b e n t   when  in  e q u i l i b r i u m   with  sa id   bean  e x t r a c t ,  

said  c o u n t e r - c u r r e n t   t r e a t m e n t   being  c a r r i e d   out  in  such  a  

manner  t h a t   the  c a f f e i n e   conten t   is  r educed   to  a  p e r c e n t a g e  

q ,depend ing   on  the  pe rcen t age   p  ment ioned  sub  a ;  

c)  r e t u r n i n g   the  d e c a f f e i n a t e d  e x t r a c t   p roduced   sub  b  to  t h e  

process   s tage   ment ioned  sub  a,  while  adding  an  amount  of  w a t e r  

to  t h i s   e x t r a c t ,   equal  to  the  amount  adso rbed   by  the  beans  i n  

p rocess   s tage  a  and  t o g e t h e r   with  the  beans  u l t i m a t e l y  

removed  from  t h i s   p rocess   s t a g e .  

As  regards   the  p r e f e r r e d   embodiments  r e l a t i n g   to  the  s p e c i f i c  

a d s o r p t i o n   capac i ty   and  the  s p e c i f i c   s e l e c t i v i t y ,   r e f e r e n c e   is  made  t o  



the  r a n g e s   i n d i c a t e d   a b o v e .  

In  a  p r e f e r r e d   embodiment  of  the  inven t ion . ,   the  beans  a r e  

s u p p l i e d   to  p r o c e s s   s tage   a  in  the  a i r - d r y   s t a t e .  

P r e f e r r e d   t e m p e r a t u r e s   range  between  60°  and  95°C.  H i g h l y  

s u i t a b l e   is  a  t e m p e r a t u r e   around  80°C.  

The  term  "bean  e q u i l i b r i u m  e x t r a c t "   as  used  above  means  an 

e x t r a c t   which,   as  r e g a r d s   exchange  of  s o l i d s ,   is  in  e q u i l i b r i u m   w i t h  

beans   to  which  j u s t   so  much  water   has  been  added  as  c o r r e s p o n d s   t o  

the  maximum  q u a n t i t y   absorbed   by  them  with  s w e l l i n g .   This  b e a n  

e q u i l i b r i u m   e x t r a c t   most ly   has  a  c o n c e n t r a t i o n   of  abou t . 21   %  by  w e i g h t  

of  t o t a l   s o l i d .   All  subs tances  in   t he   beans  which  are  d i r e c t l y   s o l u b l e  

( i . e .   w i t h o u t   h y d r o l y s i s )   are  then  in  the  d i s s o l v e d   c o n d i t i o n   w i t h i n  

the  beans .   When  the  beans  are  s u p p l i e d . i n   the  dry  s t a t e ,   they  w i thd raw  

wate r   from  the  e x t r a c t .   A c c o r d i n g l y ,  w h e n   the  e x t r a c t   is  r e c y c l e d ,  

i t s   c o n c e n t r a t i o n   w i l l   be  i n c r e a s e d .   In  p r i n c i p l e ,   t h i s   can  c o n t i n u e  

by  s e l e c t i n g   p a r t i c u l a r   p r o c e s s   c o n d i t i o n s   u n t i l   the  e x t r a c t   is  i n  

e q u i l i b r i u m   with  the  e x t r a c t   s o l i d s   in  the  dry  s t a t e   in  the  dry  b e a n s ,  

i . e . ,   t h a t   the  e x t r a c t   is  f u l l y   s a t u r a t e d   as  far   as  t h e s e  e x t r a c t  

s u b s t a n c e s   are  c o n c e r n e d .  

The percentage  p  w i l l   in  p r a c t i c e   depend  o n  t h e   s t a t u t o r y  

r e g u l a t i o n s   e x i s t i n g   in  the  v a r i o u s   c o u n t r i e s .   In  most  c o u n t r i e s   i t   w i l l  

have  to be  l e s s   than  0 .1%.  

The  s p e c i f i c   a d s o r p t i o n   c a p a c i t y ,   as  r e f e r r e d   to  h e r e i n ,   is  g i v e n  

by  the  number  of  grams  of  c a f f e i n e   adso rbed   by  1  kg  of  the  a c t i v e   c a r b o n  

when,  a t   80°C,  i t   is  in  e q u i l i b r i u m   with  an  aqueous  c a f f e i n e   s o l u t i o n  

hav ing   a  c o n c e n t r a t i o n   of  20  g  c a f f e i n e   per  l i t e r .  

The  s p e c i f i c   s e l e c t i v i t y   of  the  a c t i v e   carbon,   as  r e f e r r e d   t o  

h e r e i n ,   is  de f ined   as  the  load  r a t i o   of  c a f f e i n e / n o n - c a f f e i n e   e x t r a c t  

s o l i d s   in  the  ac t ive   carbon,   determined with a  bean  e q u i l i b r i u m   e x t r a c t  

in  e q u i l i b r i u m   with  the  laden  a c t i v e   carbon  at  a  t e m p e r a t u r e   of  80°C. 

The  dependence  of  q  on  p  fo l lows   from  the  mass  b a l a n c e s   of  t h e  

sys tem.   A  c o n t r o l   of  the  t o t a l   system  to  remain  w i t h i n   the  r a n g e s  

s p e c i f i e d   is  e f f e c t e d   in  the  manner  c o n v e n t i o n a l   in  c o n t i n u o u s   p r o c e s s e s .  
F a v o u r a b l e   process .   p a r a m e t e r s   can  be  t h e o r e t i c a l l y   c a l c u l a t e d ,   at  l e a s t  

by  a p p r o x i m a t i o n ,  u s i n g   known  computing  methods,   with  e m p i r i c a l   a d j u s t m e n t  

in  p r a c t i c e .  



P r e f e r a b l y ,   p r o c e s s   s tage  a  is  c a r r i e d   out  in  accordance   w i t h  

the  " d r o p l e t - e x t r a c t i o n "   method  ( " t r i c k l e   f l o w " ) .   In  i t ,   the  i n t e r s p a c e  

between  the  p a r t i c l e s   is  not  f i l l e d   with  e x t r a c t   l i q u i d .   The  l i q u i d  

is  sprayed  onto  a  bed  of  beans  and  s u b s e q u e n t l y   p e r c o l a t e s   through  i t .  

Normal ly ,   the  c o l l e c t e d   l i q u i d   is  immedia te ly   r e c y c l e d   for   a  m a j o r  

p a r t .   A  s u i t a b l e   embodiment  is  t h a t   in  which  the  beans  are  s u p p l i e d  

on.  a  conveyor  be l t   d i v i d e d   in to   e x t r a c t i o n   s e c t i o n s ,   as  w i l l   be  i l l u s t r a t e d  

h e r e i n a f t e r   in  and  by  an  example   and  with  r e f e r e n c e  t o   the  accompanying  

drawing.   One  advantage  of  " d r o p l e t   e x t r a c t i o n "   is  t h a t   the  amount  o f  

l i q u i d   which  c i r c u l a t e s   in  the  system  at  a  given  moment  is  much  l e s s  

than  in  the  case  of  " f u l l   f low" ,   in  which  the  i n t e r s p a c e s   between  t h e  

beans  are  f u l l y   f i l l e d   with  e x t r a c t i o n   l i q u i d .   One-consequence   of  t h i s  

is  t h a t   the  r e s i d e n c e   time  of  the  d r y  . m a t e r i a l ,   p r e s e n t   in  the  e x t r a c t i o n  

l i q u i d ,   is  c o n s i d e r a b l y   s h o r t e r ,   which  is  f a v o u r a b l e   to  the  o r g a n o l e p t i c a l  

q u a l i t y .   All  t h i s   w i l l   be  d i s c u s s e d   more  f u l l y   h e r e i n a f t e r .   N a t u r a l l y ,  

the  use  of  an  e x t r a c t i o n   b a t t e r y   is  a lso  p o s s i b l e .   The  t r e a t m e n t   of  t h e  

e x t r a c t   with  ac t ive   carbon  for  the  a d s o r p t i o n   of  the  c a f f e i n e   is  p r e f e r a b l y  

c a r r i e d   out  in  an  a d s o r p t i o n   b a t t e r y .   The  a c t i v e   carbon  p a r t i c l e s   a r e  

much  smaller  than  the  beans .   For  t h i s   r ea son ,   "uniform"  m o i s t e n i n g   of  t h e  

p a r t i c l e s   in  a  bed  is  c o n s i d e r a b l y   more  d i f f i c u l t .   In  t h i s   case ,   t h e r e f o r e ,  

" f u l l   f low" may  be  a d v a n t a g e o u s .   As  s t a t e d   b e f o r e ,   t h i s   can  be  r e a l i s e d  

in  a  simple  manner  in  a  a d s o r p t i o n   b a t t e r y .  

A  g rea t   advantage  of  t h i s   con t inuous   p r o c e s s ,   a d d i t i o n a l   to  t h e  

advan tages   c o r r e l a t e d   to  the  p a r t i c u l a r   choice  of  the  a c t i v e   c a rbon ,   i s  

t h a t   the  beans  only  have  to  be  d r i ed   once.  In  o ther   proposed  p r o c e s s e s  

us ing   a c t i v e   carbon,  the  beans  have  to  be  d r ied   a  f i r s t   t ime,   then  e n a b l e d  

to  absorb  e x t r a c t ,   and  s u b s e q u e n t l y   d r i e d  f o r   a  second  t ime.   In  a d d i t i o n ,  

an  a d d i t i o n a l   step  is  r e q u i r e d   for  c o n c e n t r a t i n g   the  e x t r a c t .   (see,  f o r  

example,   European  patent  a p p l i c a t i o n s   40,712  and  8 , 3 9 8 ) .  

The  a b o v e - d e s c r i b e d   con t inuous   p rocess   wi l l   be  e x p l a i n e d   more 

f u l l y   h e r e i n a f t e r   with  r e f e r e n c e   to  the  accompanying  d r a w i n g .  

The  drawing  shows  a  flow  sheet   of  the  p roces s   a c c o r d i n g   to  t h e  

i n v e n t i o n   in  case  both  the  e x t r a c t i o n   of  the  beans  and  the  a d s o r p t i o n   o f  

the  c a f f e i n e   from  the  aqueous  s o l u t i o n   produced  d u r i n g  t h e   e x t r a c t i o n   a r e  



e f f e c t e d   c o u n t e r - c u r r e n t l y .  

For  the  sake  of  c l e a r n e s s ,   the  e x t r a c t i o n   s e c t i o n   is  shown 

d i v i d e d   i n t o  t h r e e   s u b - s e c t i o n s ;   t h i s  i s   a l so   the  case  with  the  a d s o r p t i o n  

s e c t i o n .   In  p r a c t i c e ,   i t   is  not  n e c e s s a r y ,   of  cou r se ,   to  use  t h r e e  

s e p a r a t e   e x t r a c t o r s   in  the  e x t r a c t i o n   s e c t i o n ;   no  more  is  i t   n e c e s s a r y  

to  use  t h r e e   s e p a r a t e   b a t t e r y   sys t ems ,   for   example,   in  the  a d s o r p t i o n  

s e c t i o n .   In  p r a c t i c e ,   t h e r e f o r e ,   E3,  E1 and  E2  w i l l   r e p r e s e n t   d e p a r t m e n t s  

of ,   for   example,   one  and  the  same  conveyor   b e l t   e x t r a c t o r ,   or  one  a n d  

the  same  e x t r a c t i o n   b a t t e r y   system.  The  same  a p p l i e s   to  E4  and  E5.  
At  (1)  the  a i r - d r y   beans  are  s u p p l i e d   to  E3.  Stream  (14) 

r e p r e s e n t s   the  beans  in  f u l l y   m o i s t e n e d   c o n d i t i o n  ( i . e . ,   the  s t a t e   o f  

maximum  s w e l l i n g ) .   The  beans   then  a r r i v e   in  E1,  in  which  the  c a f f e i n e  

is  e x t r a c t e d   from  the  beans  to  the  e x t e n t   n e c e s s a r y .   The  beans  l e a v i n g  

E1  a re   s e p a r a t e d   from  the  e x t r a c t , r e s u l t i n g   in  s t ream  of  beans  ( 2 ) .  

The  append ing   e x t r a c t   is  i n d i c a t e d   by  the  s t r e a m - ( 1 2 ) .   In  E2,  a  w a s h i n g  

p r o c e s s   t akes   p l ace ,   dur ing  which  the  appendan t   e x t r a c t   is  exchanged  

a g a i n s t   wa te r .   This  r e s u l t s   in  s t r eam  of  beans  (3)  with  appendant   w a t e r  

(23).  At  (4),  c l e a n  w a s h i n g   water   is  s u p p l i e d .   At  (5),  the  washing  w a t e r  

e x i t s   from  E2,  en r i ched   with  the  e x t r a c t   s o l i d s   p r e s e n t   in  s t ream  ( 1 2 ) .  

Stream  (5)  is  combined  wi th   s t ream  (10)  from  the  a d s o r p t i o n   s e c t i o n .  

Toge the r   these   form  the  s t ream  (7),   which  e n t e r s   E1  and  t h e r e   e x t r a c t s  

the  c a f f e i n e   in  c o u n t e r - c u r r e n t   c o n d i t i o n s .   E x i t i n g   from  E   is  t h e  

s t ream  of  c a f f e i n e - r i c h   e x t r a c t   (16),  which  is  pa s sed   to  E3.  In  E3,  t h e  

dry  beans  absorb  water  from  t h i s   s t ream  of  e x t r a c t   (16).  The  stream  o f  

e x t r a c t   (6)  a c c o r d i n g l y   l eaves   E3  with  a  h ighe r   c o n c e n t r a t i o n   of  s o l i d s  

than  the  s t ream  of  e x t r a c t   (16) .The  s t ream  (6)  is  supplemented   with  t h e  

s t ream  of  washing  water  (8)  to  be  d e s c r i b e d   h e r e i n a f t e r  t o   form  s t r e a m  

of  e x t r a c t   (9).  This  s t ream  of  e x t r a c t   (9)  is  passed   to  E5  c o u n t e r - c u r r e n t l y  

to  the  a c t i v e   carbon.  As  the  a c t i v e   carbon  normally  c o n s i s t s   o f  f i n e  

p a r t i c l e s   (diameter   of  the  p a r t i c l e s ,   e . g . ,   a p p r o x i m a t e l y   1  mm), 

supply  in  s l u r r y   c o n d i t i o n   is  u s u a l l y   i n d i c a t e d .   If  mds ten ing   is  d i f f i c u l t  -  

which  occurs   f r e q u e n t l y  -   p a r t i c u l a r   measures   have  to  be  taken  t o  

accompl i sh   t h i s .   For  example,  the  carbon  may  f i r s t   be  s u b j e c t e d   to  p a r t i a l  



vacuum  b e f o r e  w a t e r   is  added.  Also,   b o i l i n g   with  water   l eads   to  t h e  

d e s i r e d   r e s u l t .   The  dry  carbon  is  i n d i c a t e d   by  s t ream  (18),  the  w a t e r  

by  ( 1 7 ) .  

As  i n d i c a t e d ,   E 5  i s   p r e f e r a b l y   a  b a t t e r y   system  (as  c o n v e n t i o n a l ,  

for  example,   in  the  e x t r a c t i o n   of  r o a s t e d   co f fee   for  p r e p a r i n g   a  c o f f e e  

e x t r a c t ,   p r o c e s s e d   to  produce  i n s t a n t   co f fee   powder).  The  s l u r r y   e x i t s  

from  E 5  a s  a   s l u r r y   c o n s i s t i n g   of  laden  a c t i v e   ca rbon ,   d e s i g n a t e d   ( 2 0 ) ,  

and  e x t r a c t .   d e s i g n a t e d   (19) .   The  s tream  of  e x t r a c t  ( 1 9 )   has  the  same 

c o m p o s i t i o n   as  (9).  The  s l u r r y   (19  +  20)  e n t e r s   the  washing  un i t   E4  f o r  

washing  the  carbon.   At  the  o the r   end  of  E4,  the  s t ream  of  c l e a n  

washing  water  (11)  e n t e r s .   In  p r a c t i c e   t h i s   can  be  e f f e c t e d ,   for  e x a m p l e ,  

by  f i r s t   c aus ing   the  s l u r r y   to  e n t e r   a  u n i t ,   as  a l so   used  in  the  b a t t e r y  

system  E5,  and  then  caus ing   the  e x t r a c t   between  the  carbon  p a r t i c l e s   t o  

be  d i s p l a c e d   by  clean  washing  water  s u p p l i e d   from  above.   This  d i s p l a c e d  

e x t r a c t   is  d e s i g n a t e d   by  (8)  and  a f t e r   being  mixed  with  (6)  is  p a s s e d  

as  s t ream  (9)  to  E 5 ,  a s   i n d i c a t e d .   Af ter   the  d i s p l a c e m e n t   of  the  e x t r a c t  

(8)  the  s l u r r y   compr i s ing   laden  carbon  (22)  and  water   (21)  is  d i s c h a r g e d  

from  E4.  
The  e x i t i n g   s t ream  of  beans  (3)  is  d r i ed   and  r o a s t e d   in  t h e  

c o n v e n t i o n a l   manner.  The  laden  carbon  (22)  is  d r i ed   and,  if   the  c a r b o n  

lends  i t s e l f   t h e r e t o ,   r e g e n e r a t e d   by  burning  the  adsorbed   s u b s t a n c e s .   T h i s  

is  s t a n d a r d   t echnology   and  r e s u l t s   in  r e g e n e r a t e d   a c t i v e   carbon  w h i c h ,  

p o s s i b l y   a f t e r   r e p l e n i s h m e n t ,   can  be  r e -u sed   in  the  p r o c e s s .  

Example .  

E 3  -  E 1  -  E 2   form  a  conveyor  b e l t   system,  e . g . ,   a  de  Smet 
-  e x t r a c t o r   as  de sc r i bed   in  A u s t r a l i a n   p a t e n t   402,344.   The  t o t a l   volume 

of  beans  p resen t  in   the  system  at  a  given  moment  is  72  m3.  The  c o n v e y o r  
b e l t   has  the  fo l lowing   d imens ions :   l ength   18  m,  width  2  m  a n d  t h i c k n e s s  

of  l ayer   of  beans  2 m. 

The  v e l o c i t y   of  the  conveyor  b e l t   is  c o n t r o l l e d   so  t h a t   t h e  
t o t a l   r e s i d e n c e   time  of  the  beans  is  15  hours ,   which  comes  down  to  a 
p r o d u c t i o n   of  1.8  tons  of  d e c a f f e i n a t e d   ( a i r - d r y )   c o f f e e p e r . h o u r .  

E4  -  E5  is  a  b a t t e r y   system  of  e ight   columns,  of   which  six  fo rm 
p a r t   of  E5,  one  is  u sed  fo r  a sh ing   (E4),  and  one  is  used  f o r  



p u t t i n g   the  s l u r r y   of  f r e s h   carbon  in  r e a d i n e s s .   The  d imens ions   o f  

each  column  a re :   d i amete r   80  cm  and  h e i g h t   4  m.  Every  four   h o u r s ,  

the  column  put   in  r e a d i n e s s   with  480  kg  of  f r e sh   carbon  s l u r r y   on 

one  s ide   is  t aken   o n - s t r e a m ,   and  the  column  with  s l u r r y   of  l a d e n  

carbon  at  the   o ther   s ide  is  t aken   o f f - s t r e a m   and  e m p t i e d .  

The  carbon  used  h e r e i n   has  the  f o l l o w i n g   c h a r a c t e r i s t i c s :  

Coffee  produced  in  t h i s   manner  is  p r a c t i c a l l y   f u l l y   d e c a f f e i n a t e d .  



1.  A  p r o c e s s   for  d e c a f f e i n a t i n g   green  c o f f e e   beans  by  e x t r a c t i o n  

with  water   and  t r e a t m e n t   of  the  aqueous  e x t r a c t   with  a c t i v e   c a r b o n ,  

c h a r a c t e r i z e d   in  t ha t   the  a c t i v e   carbon  has  a  s p e c i f i c   a d s o r p t i o n  

c a p a c i t y   for  c a f f e i n e   o f  a t   l e a s t   100  g/kg  ca rbon ,   as  de f ined   h e r e i n ,  

a  s p e c i f i c   s e l e c t i v i t y   of  at  l e a s t   0 .200,   as  d e f i n e d   h e r e i n ,   and  

e x h i b i t s   p o s i t i v e   c o r r e l a t i o n   between,   on  the  one  hand,  t h e  

c o n c e n t r a t i o n   of  the  bean  e x t r a c t ,   and  on  the  o the r   hand,  the  l o a d  

r a t i o   of  c a f f e i n e / n o n - c a f f e i n e   e x t r a c t   s o l i d s   in  the  a d s o r b e n t   when 

in  e q u i l i b r i u m   with  t h a t   bean  e x t r a c t .  

2.  A  p rocess   a cco rd ing   to  claim  2  for   c o n t i n u o u s  m o d e ,   c h a r a c t e r i z e d  

under  c o n d i t i o n s   of  p r o c e s s   e q u i l i b r i u m ,   by  the  f o l l o w i n g   c o - a c t i n g  

p rocess   s t a g e s :  

a)  supp ly ing   the  green  co f fee   beans  with  a  water  c o n t e n t   l e s s  

than  tha t   of  the  t o t a l   water  a b s o r p t i o n   c a p a c i t y   at  t h e  

p r e v a i l i n g   e x t r a c t i o n   t e m p e r a t u r e ,   and  s u b j e c t i n g   them  at  a  

t empera tu re   of  60-120°C,  and  un t e r   c o u n t e r - c u r r e n t   c o n d i t i o n s ,  

to  mo i s t en ing   and  e x t r a c t i o n   with  the  aqueous  e x t r a c t   p r o d u c e d -  

sub  c,  in  such  a  manner  t ha t   the  c o n c e n t r a t i o n   of  t h e  

f i n a l   e x t r a c t   is  h ighe r   than  the  bean  e q u i l i b r i u m   c o n c e n t r a t i o n ,  

as  d e f i n e d - h e r e i n ,   and  the  c a f f e i n e   c o n t e n t   is  reduced  t o  

a  p r e - d e t e r m i n e d - p e r c e n t a g e   p,  c a l c u l a t e d   on  the  bas i s   of  t h e  

a i r - d r y - b e a n s ,   with  the  beans  being  d i s c h a r g e d   in  m a x i m a l l y  

swollen  c o n d i t i o n ;  

b)  t r e a t i n g   the  f i n a l   e x t r a c t   p roduced  sub  a  under  c o u n t e r - c u r r e n t  

c o n d i t i o n s   with  a c t i v e   carbon  having  a  s p e c i f i c   a d s o r p t i o n   . 

c apac i t y   of  at  l e a s t   100  g/kg,  as  de f i ned   h e r e i n ,   a  s p e c i f i c  

s e l e c t i v i t y   of  at  l e a s t   0.200,   as  de f i ned   h e r e i n ,   and  a  

p o s i t i v e   c o r r e l a t i o n   between,   on  the  one  hand,  t h e  

c o n c e n t r a t i o n   of  the  bean  e x t r a c t ,   and  on  the  o ther   h a n d ,  

the  r a t i o   of  load ing   of  c a f f e i n e / n o n - c a f f e i n e   e x t r a c t   s o l i d s  

in  the  adsorben t   when  in  e q u i l i b r i u m   with  said  bean  e x t r a c t ,  



sa id   c o u n t e r - c u r r e n t   t r e a t m e n t   being  c a r r i e d   out  in  such  a  

manner  t h a t   the  c a f f e i n e   c o n t e n t   is  reduced  to  a  p e r c e n t a g e  

q,  depending  on  the  p e r c e n t a g e   p  ment ioned   sub  a ;  

c)  r e t u r n i n g   the  d e c a f f e i n a t e d   e x t r a c t   p roduced  sub  b  to  t h e  

p r o c e s s   s tage   m e n t i o n e d   sub  a,  while   adding  an  amount  o f  

water   to  t h i s   e x t r a c t ,  e q u a l   to  the  amount  adso rbed   by  t h e  

beans  in  p r o c e s s   s t age   a  and  t o g e t h e r   with  the  b e a n s  

u l t i m a t e l y   removed  from  t h i s   p roce s s   s t a g e .  

3.  A  p r o c e s s   a cco rd ing   to  c la im  2,  c h a r a c t e r i z e d   in  t h a t   the  b e a n s  

are  s u p p l i e d   t o  p r o c e s s   s t age   a  i n   the  a i r - d r y   s t a t e .  

4.  A  p r o c e s s   a c c o r d i n g   to  c la im  2  or  3,  c h a r a c t e r i z e d   in  t h a t  

p roces s   s t a g e   a  is  c a r r i e d   out  in  acco rdance   with  the  " d r o p l e t - e x t r a c t i o n "  

method  ( " t r i c k l e   flow")  a t   a  t e m p e r a t u r e   of  between  about   60°  and  a b o u t  

95°C.  
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